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PATENT TRADEMARK OFFICE 



09/830757 

JC18 Rec'd PCWTO 3 0 APR 200) 
[2345/154] 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Inventor(s) : Dultz et al. 

Serial No. : To Be Assigned 

Filed : Herewith 

For DEVICE AND IVIETHOD FOR THE TEMPERATURE- 

INDEPENDENT OPERATION OF ELECTRO-OPTICAL 
SWITCHES ON THE BASIS OF FERROELECTRIC 
LIQUID CRYSTALS HAVING A DEFORMED HELIX 

Examiner To Be Assigned 

Art Unit To Be Assigned 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

PRELIMINARY AMENDMENT 

SIR: 

Kindly amend the above-identified application before examination, as set 
forth below. 

IN THE TITLE : 

Please replace the title with the following: 
-DEVICE AND METHOD FOR THE TEMPERATURE-INDEPENDENT 
OPERATION OF ELECTRO-OPTICAL SWITCHES ON THE BASIS OF 
FERROELECTRIC LIQUID CRYSTALS HAVING A DEFORMED HELIX-. 

IN THE SPECIFICATION : 

Please amend the specification, including abstract, pursuant to the attached 
substitute specification. Also attached is a marked up version of the specification, 
indicating deleted and added sections. No new matter has been added. 

IN THE CLAIMS : 

Please cancel original claims 1-12, without prejudice. 
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Please add the following new claims: 



13. (New) An opticaliiquid crystal modulator, connprising: 

at least one ferroelectric liquid crystal, wherein the at least one ferroelectric 
liquid crystal has a DHF mode and, at a location of the at least one ferroelectric 
liquid crystal, exhibits an operating range of an electric field of more than 20 Mljjm. 

14. (New) The optical liquid crystal modulator according to claim 13, wherein: 

the liquid crystal modulator is configured as at least one A/2 magnification 
plate which rotates in an electric field, and a single pass through the at least one 
A/2 magnification plate produces at least one tilt angle of ± 22.5 degrees in the at 
least one A/2 magnification plates. 

15. (New) The optical liquid crystal modulator according to claim 13, further 
comprising: 

a liquid crystalline mixture FLC-388. 

16. (New) The optical liquid crystal modulator according to claim 13, wherein: 

at a temperature of about 20.0° C, a helical pitch Po is between about 0.1 to 
about 0.5 Mm. 

17. (New) The optical liquid crystal modulator according to claim 13, wherein: 

at a temperature of about 20.0° C, a helical pitch Po is about 0.22 //m. 

18. (New) The optical liquid crystal modulator according to claim 13, further 
comprising: 

a driving voltage of the liquid crystal modulator, wherein a driving frequency 
of the driving voltage is at least 10 kHz. 

19. (New) The optical liquid crystal modulator according to claim 13, further 
comprising: 

a driving voltage of the liquid crystal modulator, wherein a driving frequency 
of the driving voltage is greater than about 50 kHz. 
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20. (New) A method for operating an optical liqui.d crystal nnodulator having a 
ferroelectric liquid crystal, comprising: 

operating the optical liquid crystal modulator at a location of the ferroelectric 
liquid crystal In an operating range of an electric field of greater than 20 V/^^m, 
wherein the ferroelectric liquid crystal has a DHF mode. 

21 . (New) The method for operating an optical liquid crystal modulator according 
to claim 20, wherein: 

the ferroelectric liquid crystal Is employed as at least one A/2 magnification 
plate which rotates in an electric field and wherein in response to a single pass 
through the at least one A/2 magnification plate a tilt angle of ± 22.5 degrees is 
produced in the at least one A/2 magnification plate. 

22. (New) The method for operating an optical liquid crystal modulator according 
to claim 20, wherein: 

the ferroelectric liquid crystal is a liquid crystalline mixture FLC-388. 

23. (New) The method for operating an optical liquid crystal modulator according 
to claim 20, wherein: 

the ferroelectric liquid crystal has a helical pitch Po of about 0.1 to 0.5 at a 
temperature of about 20.0° C. 

24. (New) The method for operating an optical liquid crystal modulator according 
to claim 20, wherein: 

the ferroelectric liquid crystal has a helical pitch Po of about 0.22 f^m at a 
temperature of about 20.0° C. 

25. (New) The method for operating an optical liquid crystal modulator of claim 20, 
further comprising: 

providing a driving frequency of a driving voltage of the optical liquid crystal 
modulator of at least 10 kHz. 

26. (New) The method for operating an optical liquid crystal modulator of claim 20, 
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further comprising: 

providing a driving frequency of a driving voltage of the optical liquid crystal 
modulator of greater than 50 kHz. 



REMARKS 



This Preliminary Amendment cancels, without prejudice, original claims 1-12 
in the underlying PCT Application No. PCT/EPOO/08261 , and adds new claims 13- 
26. The new claims conform the claims to U.S. Patent and Trademark Office rules 
and do not add new matter to the application. 

The amendments to the specification and abstract reflected in the substitute 
specification are to conform the specification and abstract to U.S. Patent and 
Trademark Office rules and to introduce changes made in the underlying PCT 
application, and do not introduce new matter into the application. 

The underlying PCT Application No. PCT/EPOO/08261 includes an 
International Search Report, issued December 22, 2000, a copy of which is 
included. The Search Report includes a list of documents that were considered by 
the Examiner in the underlying PCT application. 

Applicants assert that the present invention is new, non-obvious, and useful. 
Prompt consideration and allowance of the claims are respectfully requested. 



Respectfully Submitted, 



KENYON & KENYON 





Richard L. Mayer 
Reg. No. 22,490 



One Broadway 
New York, NY 10004 



(212) 425-7200 
(212) 425-5288 



CUSTOMER NO. 26646 
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DEVICE AND METHOD FOR THE TEMPERATURE -INDEPENDENT 
OPERATION OF ELECTRO -OPTICAL SWITCHES ON THE BASIS OF 
FERROELECTRIC LIQUID CRYSTALS HAVING A DEFORMED HELIX 

Field of the Invention 

The present invention is directed to a device for the 
temperature -independent operation of electro-optical 
switches on the basis of ferroelectric liquid crystals 
having a deformed helix. 

Background Information 

For some 2 0 years now, optical liquid crystals have 
fundamentally changed display technology. As economically 
priced light valves, they are also often used in the 
switching of the optical flow of information. The 
development of ferroelectric liquid crystals has moved 
switching times into the microsecond range. However, the 
fact that most of a liquid crystal's physical parameters 
are highly temperature dependent is still causing 
problems. Many technical instruments require that the 
components exhibit the same properties within a broad 
temperature range. In vehicle construction, in 
particular, temperature requirements are from -30° C 
through +80° C. Optical overload-protection switches in 
open-air video-monitoring systems can also be exposed to 
such temperatures. 

Examples of other applications are birefringent 
interference filters, which are spectrally tuned with the 
aid of liquid crystals (C. BARTA, et al . , Crystal Optical 
Interference Filter, European Patent 0 907 089 A2) . 
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SUBSTITUTE SPECIFICATION 



So-called optically or electrically addressable, 
spatially resolving liquid crystal modulators (OASLM, 
EASLM) , used to convert incoherent image information into 
coherent image information, were only able to be operated 
5 in conventional methods heretofore within narrow 

temperature ranges, since their switching times vary 
considerably in response to temperature. 

Summary of the Invention 

10 

The present invention provides device and a method which 
will substantially reduce temperature -dependent 
influences and attendant long switching times. 

15 The present invention further provides a device and a 

method where ferroelectric liquid crystals exhibit 
temperature -independent and very short switching times, 
within a broad range, and, therefore, can be used for 
optical open-air switches and in vehicles. 

20 

The present invention further provides for an optical 
liquid crystal modulator to be used, where the 
ferroelectric liquid crystals have a DHF mode and are 
preferably operated within a range of the electric field 
25 of more than 20V/Mm. As a result, within a frequency 

range substantially above 50 kHZ, the modulator has a 
temperature -independent and extremely low response time. 

Brief Description of the Drawincfs 

30 

Figure 1 shows the dependence of electric field E^, 

necessary for complete winding of the helix, on 
the switching frequency f at T = 2 0.0°C, the 
measurement being performed on a 2.0 A^m thick 
35 cell in the liquid crystalline mixture FLC-388, 

and the helical pitch Po, at a temperature T = 
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2 0.0°C, having the value of 0.22 jum, according 
to an embodiment of the present invention; 
shows the dependence of switching time x of 
effective tilt angle Q^tt and of contrast ratio 
CR on the frequency of the electric field, 
having layer thickness d=1.8 fim, 20 Vpp, T=35°C, 
according to an embodiment of the present 
invention; and 

shows the temperature dependence of switching 
time To. 1-0. 9 in the DHF mode at a frequency f = 
13 0 kHz and E = ±15 Y/jum (curve 1) and when 
switching the completely unwound state (E > E^) 
at f=10 kHz and E = ±15 V/jum (curve 2) , the 
temperature dependence of tilt angle 9 in the 
DHF mode at f = 13 0 kHz and E = ±15 V/f^m 
(measuring curve 3) and in the unwound state at 
f = 10 kHz and E = 15 V/^m (curve 4) . 

Detailed Description 

20 

The present invention employs ferroelectric liquid 
crystals for modulating light in liquid crystal 
modulators, whose design, in particular external 
electrodes made of transparent material . 

25 

Ferroelectric liquid crystals are used, whose helix has a 
small pitch (< 300 f^m) and is able to be continuously 
deformed through application of a small electric field 
(so-called DHF mode) . This DHF mode allows for continuous 

30 varying of the effective tilt angle e^ff and the effective 

birefringence Ar\^ft at low voltages ( < 5V) and short 
switching times (< 1ms) . The effective tilt angle can be 
equivalent in size to half of the angle of rotation of 
the indicatrix of the liquid crystal in the electric 

35 field; i.e., the greater the effective tilt angle is, the 

more intense the rotation of the indicatrix of the liquid 
crystal . 
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Figure 2 

5 



Figure 3 

10 



Since optical liquid crystal modulators are designed on 
the basis of the DHF mode as X/2 magnification plates 
which rotate in the electric field, a single pass through 
the plate requires tilt angles of ± 22.5 degrees in order 
to completely extinguish polarized light in the switching 
state "OFF" and obtain full transparency in the switching 
state "ON" . 

The electric field E^, which is required for complete 
winding of the helix and which thereby induces the 
desired tilt angle, is relatively small at low 
frequencies (Figure 1, -0.5 through 1 Y / ^,m at 
frequencies f smaller than 1 kHz) . At higher frequencies, 
the field strength increases; in addition, the tilt angle 
also decreases. This may be seen in Figures 1 and 2. 

At frequencies above 50 kHz, fields Eu> 2 0 V/^m are 
necessary in order to completely unwind the helix. Thus, 
the region in which the DHF effect can be utilized is 
shifted toward higher fields. 

Since higher fields lead to higher voltages on the liquid 
crystal and, moreover, lead to smaller tilt angles, till 
now, this region was not considered to be interesting 
from a technical standpoint . 

In the exemplary embodiment according to the present 
invention. Figure 1 depicts the dependency of electric 
field E^, necessary for a complete winding of the helix, 
on switching frequency f at T = 20.0°C. The measurement 
was performed on a 2 . 0 /^m thick cell in a self -produced 
liquid crystalline mixture FLC-388. The helical pitch Po 
amounts to 0.22 /^m at a temperature of T = 20.0° C. 
In addition, at a temperature of approximately T = 20.0° 
C, i.e., at about room temperature, the helical pitch Po 
lies within a range of 0.1 to 0.5. 

4 SUBSTITUTE SPECIFICATION 



with higher frequencies, however, the response time x can 
be lowered by more than one order of magnitude, while 
tilt angle 9 remains virtually constant up to very high 
frequencies. See Figure 2. Thus, it may be that the 
5 contrast ratio and the birefringence also drop with the 

switching time, but acceptable values are still achieved 
for applications. 

In the exemplary embodiment according to the present 
10 invention. Figure 2 illustrates the dependency of 

switching time t of the effective tilt angle Ogff and of 
the contrast ratio CR on the frequency of the electric 
field at a layer thickness of d = 1.8 jxm and 20 Vpp, as 

Clj well as at a temperature of T = 35°C. 

P 15 

'H In the exemplary embodiment according to the present 

■J- invention. Figure 3 depicts a measurement of response 

time T as a function of the temperature for such a liquid 
,Jl crystal system. While at 10 kHz, response time x is 

fil 2 0 heavily temperature -dependent for an operation of the 

Q liquid crystal (curve 2) , at an operating frequency of 

13 0 kHz, it is not only very short, but also absolutely 
thermally stable (curve 1) . In this context, the 
effective tilt angle changes only slightly, and the 

2 5 temperature dependency (curve 3+4) does not become 

significant until temperatures greater than 50 °C. 

By extensively optimizing the mixtures, as expected, a 
high-speed liquid crystal switch is able to be developed 

3 0 in accordance with the present invention for an 

application range of -20 through 80° C. 
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Abstract 

In order to substantially reduce temperature -dependent 
influences and attendant long switching times in the case 
of an optical liquid crystal modulator having at least 
one ferroelectric liquid crystal and in a method for 
operating an optical liquid crystal modulator, the 
ferroelectric liquid crystals are provided to have a DHF 
mode and to exhibit an operating range of an electric 
field of more than 2 0 V/A^m at the location of the liquid 
crystal . 
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DEVICE AND METHOD FOR THE TEMPERATURE -INDEPENDENT 
OPERATION OF ELECTRO -OPTICAL SWITCHES ON THE BASIS OF 
FERROELECTRIC LIQUID CRYSTALS HAVING A DEFORMED HELIX 

Field of the Invention 

The present invention is directed to a device [ according 
to the definition of the species in Claim 1 and to a 
method according to the definition of the species in 
Claim 6] for the temperature- independent operation of 
electro-optical switches on the basis of ferroelectric 
liquid crystals having a deformed helix. 

Background Information 

For some 2 0 years now, optical liquid crystals have 
fundamentally changed display technology. As economically 
priced light valves, they are also often used in the 
switching of the optical flow of information. The 
development of ferroelectric liquid crystals has moved 
switching times into the microsecond range. However, the 
fact that most of a liquid crystal's physical parameters 
are highly temperature dependent is still causing 
problems. Many technical instruments require that the 
components exhibit the same properties within a broad 
temperature range. In vehicle construction, in 
particular, temperature requirements are from -30° C 
through +80° C. Optical overload-protection switches in 
open-air video-monitoring systems can also be exposed to 
such temperatures . 

Examples of other applications are birefringent 
interference filters, which are spectrally tuned with the 
aid of liquid crystals (C. BARTA, et al . , Crystal Optical 
Interference Filter, European Patent 0 907 089 A2) . 



MARKED UP VERSION OF SPECIFICATION 



So-called optically or electrically addressable, 
spatially resolving liquid crystal modulators (OASLM, 
EASLM) , used to convert incoherent image information into 
coherent image information, were only able to be operated 
5 in r known 1 conventional methods heretofore within narrow 

temperature ranges, since their switching times vary 
considerably in response to temperature. 

[The ob j e c 1 1 imHwiaasy of the §av§life«AiDn 

10 

Thsapresent invention [is, therefore, to alleviate the 
above-described disadvantages and to provide, in 
particular, a1 provides device and a method which will 
substantially reduce temperature -dependent influences and 
15 attendant long switching times. 

[This objective is achieved by a device having the 
features of Claim 1 and by a method having the features 
of Claim 6 . 

20 

In accordance with thel !C1S present invention [ , 1 further 
provides a device and a method [ are provided,] where 
ferroelectric liquid crystals exhibit temperature- 
independent and very short switching times, within a 
25 broad range, and, therefore, can be used [quite 

advantageously ] for optical open-air switches and in 
vehicles . 

The present invention [advantageously] 'ixxtt^tmi provides 
30 for an optical liquid crystal modulator to be used, where 

the ferroelectric liquid crystals have a DHF mode and are 
preferably operated within a range of the electric field 
of more than 2 0V//im. As a result, within a frequency 
range substantially above 50 kHZ, the modulator has a 
35 temperature- independent and extremely low response time. 

[On the basis of preferred exemplary embodiments and with 
reference to the enclosed drawing, the present invention 
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is described in greater detail in the following. The 
figures show: 



Figure 1: Thel Brief Description of the Drawings 

5 

Ex<»3r^-"'l?- slo^iig'the dependence of electric field E^, 

necessary for complete winding of the helix, on 
the switching frequency f at T = 20.0°C, the 
measurement being performed on a 2.0 Aim thick 
10 cell in the liquid crystalline mixture FLC-388, 

and the helical pitch Po, at a temperature T = 
2 0.0°C, having the value of 0.22 ^^m. accordincf 
to an enfcodiment of the present invention; 
Figure 2[:]_ [Tl shows t he dependence of switching time 
15 T of effective tilt angle d^ff and of 

contrast ratio CR on the frequency of the 
electric field [. Li : having' l ayer 
thickness d=l . 8 /^m, [ 
]20 Vpp, T=3 5°C f according to. an. embod iment of 
20 the present in.vexition ; and 

Figure 3[:] [Tl shows g he temperature dependence of 

switching time Xo. 1-0.9 in the DHF mode at a 
frequency f = 13 0 kHz and [ 
]E = ±15 V/iJ-xn {curve 1) and when switching the 
25 completely unwound state (E > E^) at f = 10 kHz 

and [ 

]E = ±15 V//J.m (curve 2), the temperature 
dependence of tilt angle 0 in the DHF mode at f 
= 130 kHz and [ 

30 ]E = ±15 V / ijm (measuring curve 3) and in the 

unwound state at f = 10 kHz and E = 15 V//im 
(curve 4) . 

[ 

35 Summary of the TnArF^n t i on 1 BJifca'Mgji-" giso§Bit?!E.idn 

The present invention employs ferroelectric liquid 
crystals for modulating light in liquid crystal 
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modulators, whose design, in particular external 
electrodes made [especially ] of transparent material [, 
and whose cells are well known to one skilled in the art 
in this field, so that there is no need to describe the 
5 mechanical and electrical set-up in greater detail] . 

Ferroelectric liquid crystals are used, whose helix has a 
small pitch (< 3 00 jj^m) and is able to be continuously 
deformed through application of a small electric field 

10 (so-called DHF mode) . This DHF mode [makes it possible 

tolga^feSbE continuous [ly vary] S^gfij^i^ the 
effective tilt angle Oeff and the effective birefringence 
Arieff at low voltages ( < 5V) and short switching times (< 
1ms) . The effective tilt angle [isl iftgaibd equivalent in 

15 size to half of the angle of rotation of the indicatrix 

of the liquid crystal in the electric field; i.e., the 
greater the effective tilt angle is, the more intense the 
rotation of the indicatrix of the liquid crystal. 

2 0 Since optical liquid crystal modulators are designed on 

the basis of the DHF mode as [ lambda/ 2 ] magnification 
plates which rotate in the electric field, a single pass 
through the plate requires tilt angles of ± 22.5 degrees 
in order to completely extinguish polarized light in the 

25 switching state "OFF" and obtain full transparency in the 

switching state "ON" . 

The electric field Ey, which is required for complete 
winding of the helix and which thereby induces the 

30 desired tilt angle, is relatively small at low 

frequencies (Figure 1, Eu -0.5 through 1 V/ptm at 
frequencies f smaller than 1 kHz) . At higher frequencies, 
[this critical] field strength increases; in addition, 
the tilt angle also decreases [; see ] fc«.."^hilteraal^ ,..Bil:.seito 

35 Sa Figures 1 and 2. 

At frequencies above 5 0 kHz, fields Eu> 2 0 V//im are 
necessary in order to completely unwind the helix. Thus, 
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the region in which the DHF effect ca,n be utilized is 
shifted toward higher fields. 

Since higher fields [are disadvantageous due] lead to [ 
the] higher voltages on the liquid crystal and, moreover, 
lead to smaller tilt angles, till now, this region was 
not considered to be interesting from a technical 
standpoint . 

In the exemplary embodiment according to t he present 
invention. Figure 1 depicts the dependency of electric 
field Ec, necessary for a complete winding of the helix, 
on switching frequency f at T = 2 0.0°C. The measurement 
was performed on a 2.0 /^m thiclc cell in a self -produced 
liquid crystalline mixture FLC-388. The helical pitch Po 
amounts to 0.22 /im at a temperature of T = 20.0° C. 
In addition, at a temperature of approximately T = 20.0° 
C, i.e., at about room temperature, the helical pitch Po 
lies within a range of 0.1 to 0.5. 

With higher frequencies, however, the response time x 
r is] can be lowered by more than one order of magnitude, 
while tilt angle 6 remains virtually constant up to very 
high frequencies [ (] . See Figure 2[)]. Thus, it may be 
that the contrast ratio and the birefringence also drop 
with the switching time, but acceptable values are still 
achieved for applications. 

In the exemplary embodiment according to the present 
invention. Figure 2 illustrates the dependency of 
switching time t of the effective tilt angle Seff and of 
the contrast ratio CR on the frequency of the electric 
field at a layer thiclcness of [ 

]d = 1.8 /J-m and 20 Vpp, as well as at a temperature of T = 
35°C. 

[As an example] In the exemplary embodiment according to 
the present Invention , Figure 3 depicts a measurement of 
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response time t as a function of the .temperature for such 
a liquid crystal system. While at 10 kHz, response time i 
is heavily temperature-dependent for an operation of the 
liquid crystal (curve 2) , at an operating frequency of 
5 13 0 kHz, it is not only very short, but also absolutely 

thermally stable (curve 1) . In this context, the 
effective tilt angle changes only slightly, and the 
temperature dependency (curve 3+4) does not become 
significant until temperatures greater than 50°C. 

10 

By extensively optimizing the mixtures, as expected, a 
high-speed liquid crystal switch is able to be developed 
in accordance with the present invention for an 
application range of -20 through 80° C. 

15 
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Abstract 



In order to substantially reduce temperature -dependent 
influences and attendant long switching times in the case 
of an optical liquid crystal modulator having at least 
one ferroelectric liquid crystal and in a method for 
operating an optical liquid crystal modulator, [it is 
provided for ] the ferroelectric liquid crystal s'-'a-re 
provided to have a DHF mode and to exhibit an operating 
range of [the]^ electric field of more than 20 V/ptm at 
the location of the liquid crystal. 
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DEVICE AND METHOD FOR THE TEMPERATURE- INDEPENDENT 
OPERATION OF ELECTRO -OPTICAL SWITCHES ON THE BASIS OF 
FERROELECTRIC LIQUID CRYSTALS HAVING A DEFORMED HELIX 

The present invention is directed to a device according 
to the definition of the species in ClaiTti 1 and to a 
method according to the definition of the species in 
Claim 6 for the temperature- independent operation of 
electro-optical switches on the basis of ferroelectric 
liquid crystals having a deformed helix. 

For some 2 0 years now, optical liquid crystals have 
fundamentally changed display technology. As economically 
priced light valves, they are also often used in the 
switching of the optical flow of information. The 
development of ferroelectric liquid crystals has moved 
switching times into the microsecond range. However, the 
fact that most of a liquid crystal's physical parameters 
are highly temperature dependent is still causing 
problems. Many technical instruments require that the 
components exhibit the same properties within a broad 
temperature range. In vehicle construction, in 
particular, temperature requirements are from -30° C 
through +80° C. Optical overload-protection switches in 
open-air video-monitoring systems can also be exposed to 
such temperatures . 

Examples of other applications are birefringent 
interference filters, which are spectrally tuned with the 
aid of liquid crystals {C. BARTA, et al . , Crystal Optical 
Interference Filter, European Patent 0 907 089 A2) . 

So-called optically or electrically addressable, 
spatially resolving liquid crystal modulators (OASLM, 
EASLM) , used to convert incoherent image information into 



coherent image information, were only able to be operated 
in known methods heretofore within narrow temperature 
ranges, since their switching times vary considerably in 
response to temperature. 

The object of the present invention is, therefore, to 
alleviate the above-described disadvantages and to 
provide, in particular, a device and a method which will 
substantially reduce temperature -dependent influences and 
attendant long switching times. 

This objective is achieved by a device having the 
features of Claim 1 and by a method having the features 
of Claim 6 . 

In accordance with the present invention, a device and a 
method are provided, where ferroelectric liquid crystals 
exhibit temperature- independent and very short switching 
times, within a broad range, and, therefore, can be used 
quite advantageously for optical open-air switches and in 
vehicles . 

The present invention advantageously provides for an 
optical liquid crystal modulator to be used, where the 
ferroelectric liquid crystals have a DHF mode and are 
preferably operated within a range of the electric field 
of more than 2 0V//^m. As a result, within a frequency 
range substantially above 5 0 kHZ, the modulator has a 
temperature- independent and extremely low response time. 

On the basis of preferred exemplary embodiments and with 
reference to the enclosed drawing, the present invention 
is described in greater detail in the following. The 
figures show: 

Figure 1: The dependence of electric field E^, necessary 
for complete winding of the helix, on the 



switching frequency f at T = 2 0.0°C, the 
measurement being performed on a 2.0 /J-m 
thick cell in the liquid crystalline 
mixture FLC-388, and the helical pitch Po, 
at a temperature T = 20.0°C, having the 
value of 0.22 pim; 
Figure 2 : The dependence of switching time i of effective 

tilt angle Beff and of contrast ratio CR on the 

frequency of the electric field. Layer 

thickness d=l . 8 lum, 

20 Vpp, T=35°C; 
Figure 3: The temperature dependence of switching time 

To.i_o.9 in the DHF mode at a frequency f = 130 

kHz and 

E = ±15 V/jum (curve 1) and when switching the 
completely unwound state (E > E^) at f=10 kHz 
and 

E = ±15 Y/jum (curve 2) , the temperature 
dependence of tilt angle G in the DHF mode at f 
=13 0 kHz and 

E = +15 V//im (measuring curve 3) and in the 
unwound state at f = 10 kHz and E = 15 V//^m 
(curve 4) . 



Summary of the Invention 

The present invention employs ferroelectric liquid 
crystals for modulating light in liquid crystal 
modulators, whose design, in particular external 
electrodes made especially of transparent material, and 
whose cells are well known to one skilled in the art in 
this field, so that there is no need to describe the 
mechanical and electrical set-up in greater detail. 

Ferroelectric liquid crystals are used, whose helix has a 
small pitch (< 300 /urn) and is able to be continuously 



deformed through application of a small .electric field 
(so-called DHF mode) . This DHF mode makes it possible to 
continuously vary the effective tilt angle Q^ff and the 
effective birefringence Ari^ff at low voltages { < 5V) and 
short switching times (< 1ms) . The effective tilt angle 
is equivalent in size to half of the angle of rotation of 
the indicatrix of the liquid crystal in the electric 
field; i.e., the greater the effective tilt angle is, the 
more intense the rotation of the indicatrix of the liquid 
crystal . 

Since optical liquid crystal modulators are designed on 
the basis of the DHF mode as lambda/2 magnification 
plates which rotate in the electric field, a single pass 
through the plate requires tilt angles of ± 22.5 degrees 
in order to completely extinguish polarized light in the 
switching state "OFF" and obtain full transparency in the 
switching state "ON" . 

The electric field Ey, which is required for complete 
winding of the helix and which thereby induces the 
desired tilt angle, is relatively small at low 
frequencies (Figure 1, -0.5 through 1 V/jum at 
frequencies f smaller than 1 kHz) . At higher frequencies, 
this critical field strength increases; in addition, the 
tilt angle also decreases; see Figures 1 and 2. 

At frequencies above 5 0 kHz, fields B^> 2 0 V/ptm are 
necessary in order to completely unwind the helix. Thus, 
the region in which the DHF effect can be utilized is 
shifted toward higher fields. 

Since higher fields are disadvantageous due to the higher 
voltages on the liquid crystal and, moreover, lead to 
smaller tilt angles, till now, this region was not 
considered to be interesting from a technical standpoint. 



Figure 1 depicts the dependency of electric field E^, 
necessary for a complete winding of the helix, on 
switching frequency f at T - 2 0.0°C. The measurement was 
performed on a 2.0 jum thick cell in a self -produced 
5 liquid crystalline mixture FLC-388. The helical pitch Po 

amounts to 0.22 /j.m at a temperature of T = 20.0° C. 
In addition, at a temperature of approximately T = 20.0° 
C, i.e., at about room temperature, the helical pitch Po 
lies within a range of 0.1 to 0.5. 

10 

With higher frequencies, however, the response time x is 
lowered by more than one order of magnitude, while tilt 
angle 9 remains virtually constant up to very high 
frequencies (Figure 2) . Thus, it may be that the contrast 
15 ratio and the birefringence also drop with the switching 

time, but acceptable values are still achieved for 
applications. 

Figure 2 illustrates the dependency of switching time i 
20 of the effective tilt angle Beff and of the contrast ratio 

CR on the frequency of the electric field at a layer 
thickness of 

d = 1.8 jum and 20 Vpp, as well as at a temperature of T = 
35°C. 

25 

As an example. Figure 3 depicts a measurement of response 
time T as a function of the temperature for such a liquid 
crystal system. While at 10 kHz, response time x is 
heavily temperature -dependent for an operation of the 

30 liquid crystal (curve 2), at an operating frequency of 

13 0 kHz, it is not only very short, but also absolutely 
thermally stable (curve 1) . In this context, the 
effective tilt angle changes only slightly, and the 
temperature dependency (curve 3+4) does not become 

35 significant until temperatures greater than 50°C. 

By extensively optimizing the mixtures, as expected, a 
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high-speed liquid crystal switch is -able, to be developed 
in accordance with the present invention for an 
application range of -20 through 80° C. 
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What is claimed is 



1. An optical liquid crystal modulator having at least 
one ferroelectric liquid crystal, 

wherein the ferroelectric liquid crystals have a DHF mode 
and, at the location of the liquid crystal, exhibit an 
operating range of the electric field of more than 2 0 
V//^m. 

2. The optical liquid crystal modulator as recited in 
Claim 1, 

wherein the liquid crystal modulator having the DHF mode 
is designed as lambda/2 magnification plates which rotate 
in the electric field, and, in response to a single pass 
through the plate, tilt angles of ± 2 2.5 degrees are 
produced . 

3. The optical liquid crystal modulator as recited in 
Claim 1 or 2, wherein the liquid crystal modulator 
encompasses a liquid crystalline mixture FLC-388. 

4 . The optical liquid crystal modulator as recited in 
Claim 1, 2 or 3, wherein, at a temperature of 
approximately T = 20.0° C, the helical pitch Po is within 
a range of 0.1 to 0,5. 

5. The optical liquid crystal modulator as recited in 
Claim 4, wherein, at a temperature of approximately T = 
20.0° C, the helical pitch Po is about 0.22 p;m. 

6. The optical liquid crystal modulator as recited in one 
of the preceding claims, wherein the driving frequency of 
the driving voltage of the liquid crystal modulator 
amounts to at least 10 kHz and, preferably, is above 50 
kHz. 
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7. A method for operating an optical' liquid crystal 
modulator having a ferroelectric liquid crystal, and, in 
particular, a liquid crystal modulator as recited in one 
of Claims 1 through 6, 

wherein the ferroelectric liquid crystals have a DHF mode 
and are operated at the location of the liquid crystal in 
an operating range of the electric field of more than 20 
V/p:m. 

8. The method for operating an optical liquid crystal 
modulator as recited in Claim 7, 

wherein the liquid crystal modulator having the DHF mode 
is employed as lambda/2 magnification plates which rotate 
in the electric field, and, in response to a single pass 
through the plate, tilt angles of ± 22.5 degrees are 
produced . 

9. The method for operating an optical liquid crystal 
modulator as recited in Claim 7 or 8, 

wherein a liquid crystalline mixture PLC- 3 88 is used for 
the ferroelectric liquid crystal. 

10. The method for operating an optical liquid crystal 
modulator as recited in Claim 7, 8 or 9 , 

wherein a liquid crystal is used, whose helical pitch Po 
is within a range of 0.1 to 0.5 at a temperature of 
approximately T = 2 0.0° C. 

11. The method for operating an optical liquid crystal 
modulator as recited in Claim 10, 

wherein a ferroelectric liquid crystal is used, whose 
helical pitch Po is about 0.22 /zm at a temperature of 
approximately T = 2 0.0° C. 



NY01 371066 V 1 



12. The method for operating an optical , liquid crystal 
modulator as recited in one of the preceding Claims 7 
through 11, 

wherein the driving frequency of the driving voltage of 
the liquid crystal modulator is at least 10 kHz and, 
preferably, is above 50 kHz. 
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Abstract 



In order to substantially reduce temperature -dependent 
influences and attendant long switching times in the case 
of an optical liquid crystal modulator having at least 
one ferroelectric liquid crystal and in a method for 
operating an optical liquid crystal modulator, it is 
provided for the ferroelectric liquid crystals to have a 
DHF mode and to exhibit an operating range of the 
electric field of more than 2 0 V//im at the location of 
the liquid crystal. 



NY01 371066 v1 



10 



[2345/154] 



DECLARATION AND POWER OF ATTORNEY 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to 

my name. 

I believe I am an original, first and joint inventor of the subject matter which is 
claimed and for which a patent is sought on the invention entitled DEVICE AND METHOD 
FOR THE TEMPERATURE-INDEPENDENT OPERATION OF ELECTRO- 
OPTICAL SWITCHES ON THE BASIS OF FERROELECTRIC LIQUID CRYSTALS 
HAVING A DEFORMED HELIX, the specification of which was filed as International 
Application No. PCT/EPOO/08261 on August 24, 2000 and filed as a U.S. application having 
Serial No. 09/830757 on April 30, 2001 for Letters Patent in the U.S.P.T.O. 

I hereby state that I have reviewed and understand the contents of the 
above-identified specification, including the claims. 

I acknowledge the duty to disclose information which is material to the 
examination of this application in accordance with Title 37, Code of Federal Regulations, 
§ l-56(a). 

I hereby claim foreign priority benefits under Title 35, United States Code, § 
1 19 of any foreign application(s) for patent or inventor's certificate listed below and have also 
identified below any foreign application(s) for patent or inventor's certificate having a filing 
date before that of the application on which priority is claimed: 

PRIOR FOREIGN APPLICATION'S^ 

Number Country Day/Month/Year Priority Claimed 

Filed Under 35 use 119 

199 410 79.8 Fed. Rep. of 30 August 1999 Yes 

Germany 
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And I hereby appoint Richard L. Mayer (Reg. No. 22,490), Gerard A. Messina 
(Reg. No. 35,952) and Linda M. Shudy (Reg. No. 47,084) my attorneys with full power of 
substitution and revocation, to prosecute this application and to transact all business in the 
Patent and Trademark Office connected therewith. 



Please address all commimications regarding this appHcation to: 



KENYON & KENYON, 
One Broadway 
New York, New York 10004 
CUSTOMER l^fOT^B^^^j 

Please direct all telephone calls to Richard L. Mayer at (212) 425-7200. 



I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are beheved to be true; and further that 
these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful and false statements may jeopardize the validity of 
the application or any patent issued thereon. 
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Inventor: ' Wolfgang DULTZ 



Inventor's Signature: jcXuA^ 
Date: 



Residence: Marienberger Str. 37 -^^ 
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Federal Republic of Germany 



Citizenship: German 



Post Office Address: Same as above. 
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Inventor: Dirk GANZKE 
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Residence: Heidelbergerstr. 63 \ 
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Federal Republic of Germany 



Citizenship: German 



Post Office Address: Same as above. 
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Citizenship: German 



Post Office Address: Same as above. 
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127322 Moskau 
Russia 



Citizenship: Russian 



Post Office Address: Same as above. 
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